The frequency with which dermatoses due to halogens occur and the persistence of these skin affections have long interested dermatologists in the metabolism of these elements.
grams a day. When they increased this quantity to 7.0 grams a day, Tachau obtained a positive test for bromine in the sweat. These efforts are of interest to us today for historical reasons.
In recent years the bromine content of several secreted materials has been determined and the manner in which it varies when bromine is administered has proved interesting. Lang and Hober (2) made use of the peculiar arrangement of the frog's kidney whereby it is possible to perfuse the vessels supplying the glomeruli and tubules separately. They found that when both circuits are perfused simultaneously, a relatively constant percentage of bromide is reabsorbed from the tubules back into the blood. This places a limit on the rapidity with which bromide is removed from the blood through the urine.
Various observers have reported conflicting findings in the excretory relationship between bromine and chlorine. According to Toxopeus (8) , the kidney differentiates in its capacity to excrete these two elements. He found that relatively more blood chloride than bromide appears in the urine so that the urinary chloride/bromide ratio is greater than that in blood. On the other hand Frey (4) concludes that in all animals the chloride/bromide ratio is the same in the blood as in the urine, whether determined soon after administration of the bromide, or after several days, and whether the urine is concentrated or dilute. Chatagnon (5) , too, believes that there is a parallelism between the excretion curves for bromine and chlorine. She (6) found that there was a progressive accumulation of bromine in the blood with continuous bromide therapy. During this period bromine does not replace chlorine in the blood, but does in the gastric juice.
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Serbescu and Buttu (7) administered bromides to several individuals for varying periods before death and at autopsy determined the amounts of bromine in a number of organs. They found the partition amongst the various organs and tissues unequal but characteristic for definite sites. Toxopeus (8) did the same for dogs. He found that the skin was a major site for the deposition of bromine.
Vitte (9) analyzed human saliva for its content of bromine and found that it normally contained very large amounts which increased markedly directly after a meal. He showed that the salivary glands are extremely sensitive to the presence of bromine in the blood and that their secretion quickly reflects increases in concentration in the blood.
The present observations were made on normal individuals whose sweat was analyzed for its content of bromine before and after administration of this drug by mouth. In addition two patients with bromide eruptions were sweated at intervals after they stopped taking the drug. The normal individuals were given a bath and then sweated in a heat chamber while encased in a rubber bag up to the neck. They were then given a teaspoonful of Elixir of sodium bromide three times a day for a week. At the end of this time they were given a bath and again sweated. The two pathological subjects were taken off bromides as soon as their eruptions were diagnosed. They were bathed and sweated at intervals. Unless the sweat specimens were too small, they were immediately divided into two portions, one being filtered and the other remaining unfiltered. The scales that were analyzed were collected from patients with exfoliative dermatitis due to various causes in the wards of the Cook County Hospital.
There are several modern methods for quantitive bromine analysis. We adopted a chemical method in preference to an electrolytic one.
METHOD
The method used is that of Leipert and Watzlawek (10) with some modifications. The preparation of the 100 cc. sweat sample is the same except that 10 cc. of water is used to extract the fusion mixture. Filtrate and washings are evaporated to dryness and then dissolved in 10 cc. water. The solution is then neutralized and made just acid with hydrochloric acid. Fifty mg. of sodium nitrite are added and the mixture boiled until tests for nitrous acid in the vapors are negative. This procedure removes iodine from the solution. Enough five normal sodium hydroxide is then added to make the solution approximately one nornml in sodium hydroxide. One gram of boric acid is then added and the tubes heated in a water bath until the boric acid is dissolved. Five cc. saturated chlorine water is then added and the mixture heated on a water bath for fifteen minutes.
RESULTS
Five cc. of a loper cent sodium formate is added and the solution heated at boiling temperature for five minutes. The solution is then cooled and two cc. concentrated hydrochloric acid, a trace of ammoniurn molybdate and a crystal of potassium iodide are added. After five minutes the liberated iodine is titrated with two thousandths normal sodium thiosulphate.
DISCUSSION
In discussing the bromide content of the skin, it is necessary to differentiate between the filtered and unfiltered specimens. Our samples were all filtered through filter paper. The subjects were given a bath before being sweated, in order to remove any dirt or other foreign matter, so the bulk of the difference between filtered and unfiltered portions may be accounted for by efoliated epidermis. Consequently, this procedure gives us an insight into the amount of bromine in epidermis and that in the liquid elements of sweat, as such. The sweat glands are more or less limited in the amount of bromides they secrete. When the blood contains larger amounts of bromides, the maximum concentration secreted by the sweat glands is quickly reached. This concentration, however, is maintained for a long time afterwards. The epidermis is capable of much wider fluctuations in its content of bromine. The amounts it contains probably in a way reflect the quantities present in tissues generally.
The data obtained from pathological cases do not give an insight into the mechanism by which bromides produce their skin eruptions. The data here indicate that normal individuals apparently dispose of excessive amounts of bromine through the skin in a way similar to that in persons with bromide eruptions. Of the wet and dry methods of excretion, i.e. that in the sweat itself and that in the exfoliated epidermis,-the latter mechanism looms as the more important, particularly when the blood contains larger amounts of bromine. The very material way in which exfoliating epidermis disposes of bromide may be seen in the data for subjects with exfoliative dermatitis (Table III) . This represents removal of quantities in persons with normal amounts of bromide in their blood and tissues.
Whether bromide rashes represent forms of allergy or intoxica-tion in the ordinary sense is difficult to say. Not all people taking bromides develop an eruption. On the other hand, persons with bromide eruptions after a prolonged time actually do improve and get well. But even after they are well they still continue to excrete bromides since this apparently occurs normally in sweat and epidermis. Of course allergy and intoxicated states are both dependent on quantities of agent, the latter more obviously so. The breakdown may occur through the excessive pressure put on the sweat-gland cells to remove more and more bromine than they are capable of excreting; or through a rise above the concentration threshold of tolerance for the epidermal cells. The bromine content of epidermal cells drops relatively rapidly after the cessation of ingestion of the drug. At the same time sweat contains an almost fixed amount of bromine long after this. On the basis that the bromide rash lasts a long time it is logical to conclude that it is continued, if not initiated, not by the epithelial moiety of bromine, but rather that in the sweat itself.
A possible explanation of the prolonged nature of bromide eruptions is that sweat bromide rises rapidly to its maximum early, with relatively small amounts of ingested bromide and at a time when the blood level of bromide is presumably not greatly elevated. Any rise in blood level beyond this, regardless of its extent, would not cause more bromide to appear in the sweat. On discontinuing the ingestion of bromide a relatively long time elapses before that relatively low blood bromide level is reached at which the sweat bromide also will begin dropping. Thus blood bromide may be increased 300 or more times its normal value, while the sweat bromide will have already risen to its maximum when the blood bromide had reached to only three times its normal value. An interesting comparison may here be made with that of the Wassermann reaction. Here a relatively small antibody titer level will produce a positive reaction. The reaction does not become stronger with titers of any level higher than this. Titers of a hundred-fold necessary to produce a strong positive reaction still do not change the character of the reaction. It takes a long decline from these vaulted quantities to the relatively small quantities which begin to produce weaker reactions.
For the prolonged presence of bromide eruptions responsibility may be put on two factors. The first is the fact that bromine is an element, and therefore, cannot be broken down, but either remains or is removed as such. In contrast to this, many other drugs are removed partly in their original form and in part are broken down, mostly in the liver. By this two-fold process they are quickly eliminated from the system, or are put in such form that they no longer are capable of causing harm. The second factor that accounts for the persistent character of bromide eruptions is the accumulation of the administered drug in the blood and tissues. According to Ucko (11) an explanation of the low bromine content of the urine would be that normally the kidneys do not excrete bromine above a certain limit. It is, therefore, retained in the body in higher proportions when present in large amounts. The replacement of chlorides in the body by bromide would be due to a restriction of bromide excretion and to a compensatory increased excretio±i of chlorides to maintain the normal osmotic equilibrium. Thus the total halogen level in the body remains unaltered. The kidneys, however, are capable of excreting far larger amounts of bromine than they do normally. If a certain degree of bromide storage has been established, even small quantities of urine may contain several milligrams of bromine. Under these conditions, bromine/chlorine ratio rises until it becomes of the same order as that of the blood, so that bromine is then excreted in the same proportion to chlorine as it exists in the body. Bromine retention may depend on a renal factor solely or upon an additional tissue factor. The high output after storage may be due to increased permeability of the normal renal filter or a lack of storage capacity of the tissues.
Various secretions react differently to different concentrations of bromine in the blood. In high concentrations gastric juice contains parallel amounts at the expense of chlorides. Saliva on the other hand reflects small concentrations in the blood. Small increases in the blood are magnified in the saliva. While urinary bromine increases with that in the blood, it can never adequately remove the amount of bromine that might be expected through a major excretory route, because the tubules reabsorb large proportions of the amounts that filter through the glomeruli.
Sweat shows unique characteristics as a vehicle for bromine excretion. Shortly after the beginning of bromine administration, the sweat, minus its admixture of epithelial debris, contains increased amounts which reach an upper limit. This value remains relatively constant no matter how much more bromine is in the body. Once attained, this concentration in the sweat is maintained for long intervals; and in this respect sweat differs from the urine, which shows decreasing amounts with a drop in the level found in the blood. Both sweat and saliva are much more sensitive than urine in reflecting small amounts of bromine in the blood. As an excretory route the liquid sweat partition can rise only inadequately to the emergency of large athounts of blood bromine. In this respect, the exfoliating epidermis that sweat contains makes up for this inability of the purely liquid element. These cells, just as other cellular elements of the body, are the repositories vhere the ingested bromine accumulates. It is evident, therefore, that the exfoliating scale gives a quantitative view of the accumulation of bromine in the tissues which the sweat itself fails to do.
The amount of bromine excreted by the urine is directly related to the quantity of urine. It takes bulk of secretion to rid the body of bromine. For that reason, only the urinary route can be taken seriously into account for calculating the time interval required to exhause a given accumulation of body bromine. Chatagnon (12) found that the urinary bromine level returns to normal about forty days after the ingestion of bromides.
Since the kidneys are the principal route for the elimination of bromine most of the responsibility for its accumulation must be ascribed to them. Lang and Hober (2) found that about 65 per cent of the bromine going through the glomeruli is reabsorbed in the tubules. In spite of this unwillingness to part with bromine, increasing concentrations in the blood cause increases in the gross quantity in the urine. As Boon as the bromine level in the blood drops, however, so does the amount in the urine.
The amount reabsorbed for different concentrations in the blood is almost fixed. This lack of elasticity contrasts with that for chlorides, where various concentrations in the blood cause different percentages to be reabsorbed through the kidney tubules. This almost fixed percentage of return for even small quantities of bromine in the blood would make its total excretion almost an infinite process were it not for additional routes of excretion. Not all excretory routes are equally sensitive to the presence of blood bromine. Thus Vitte (8) found the salivary glands excreting bromine when it had disappeared from the urine.
The same apparently occurs for the sweat, judging by the length of time the sweat continues to contain bromine after ingestion of bromides. The sources for this prolonged excretion are probably the contracting stores in various organs and tissues. The bromine in sweat is quite diluted; and in spite of its high concentration in saliva, the latter is of such small bulk that, taken together, both the sweat and saliva take a long time to exhaust all the stores. An important factor of sodium chloride administration in ridding the body of bromine is the water part of the therapy. Sodium chloride has a diuretic action and the increased urine carries with it increased total amounts of bromine. It is doubtful whether the usual explanation of replacement of bromide by chloride is really as simple as proposed. If the tubules reabsorb a relatively fixed quantity of the bromine filtering through the glomeruli, then the amount of chloride in the blood does not influence the urinary bromide excretion. Moreover, patients show a rapid improvement of their skin eruptions early in the treatment with chloride therapy, which then slows down almost to a standstill in spite of further exhibition of the chloride. If it were mere replacement, then there should be rapid elution of bromide all along with parallel improvement in the eruption.
The concentration of bromine in exfoliated cells appears to be enormous when compared to that in blood and tissues. The comparison is, however, somewhat misleading; because scales represent dry weight material, whereas the weights of the compared materials are due largely to the water which they contain.
Considering dry weights for each, however, epithelium still contains considerably more bromine than blood, either by weight or volume. 4. The unfiltered sweat from two patients with bromide eruptions was 141 and 102 gammas per hundred cc. just after stopping administration of bromides. At the same time the filtered specimens contained 48 and 55 gammas, respectively. The bromine content of the sweat from these two subjects is recorded in one case for 49 days and the other 31 days. The upper limit of the sweat itself is maintained relatively constant over a long period of time. The content of epithelium drops comparatively rapidly. to chloride in skin is in the order of one to one thousand, following bromide ingestion this ratio may rise to one to one, a tremendous variation. I wonder if he has noted any similar change in perspiration. I would like also to point out that while one speaks of sweat as such, in reality we are not dealing with pure perspiration. It is always mixed and before its collection there is possibly some solution of bromide from the epithelium into the sweat. If I interpret this study correctly, it is another indication that values on sweat are not necessarily a reflection of the physiology of the skin itself. I think it is well to keep this in mind constantly in experimental skin chemistry.
Dn. FRED D. WnIDM, Philadelphia: I was also going to raise the question about the difference between sweat and perspiration, i.e., whether Dr. Cornbleet had any idea that he could distinguish which of the two portions of the secretion was the more responsible; that is, the secretion of the sweat glands or the diffusion of fluid from the epithelium. Some, at least, must be secreted by the sweat glands. All of us who do photographic work have seen to our surprise that after we have developed our negative, the imprint of our thumb may appear on the photographic print, and from the information we have we know that it has not arrived there from the handling of the paper. Of course, bromide has a restraining effect on the reducing action of our developers and it may be the bromide which comes out from the sweat pores which is responsible for the image of those structures of the skin on the print.
Dn. HENRY D. NInEs, New York City: I would like to ask Dr. Cornbleet whether he has any scientific proof that intravenous injections of normal saline or ingestion of sodium chloride by mouth increase the excretion of bromides. We all know that we have been using this method clinically for the treatment of bromide eruptions for some time. I would like to know if there is any real rationale for this form of treatment.
DR. TnnoDoRE C0ENDLEET: I think the simple explanation regarding the elimination of tissue bromide by administered chloride is questionable. First, there is the fact that the administration of chlorides in the very beginning is quite effective in causing the bromide eruption to subside, but after this short preliminary period the subsidence of the eruption seems to come to a standstill in spite of all the chloride poured into the body. Secondly, if chloride and bromide represented some simple ratio in the blood such as Dr. Pillsbury quoted from Jadassohn's Handbuch, then the increase of chloride concentration in the blood should directly decrease the bromide, which does not occur in any such manner. The explanation for that seems to be something like this. The amount of bromide which is reabsorbed in the tubules of the kidney is almost fixed. That is to say, it represents about sixty-five per cent of the bromides going through the glomeruli, which is a simple transudate of the blood. It is reabsorbed in the tubules back into the blood and that is irrespective of whether there is much chloride or little chloride. To be sure, there has to be some tubal value for the halogens altogether for the sake of the osmotic pressure in the blood, but understanding that, it seems to make very little difference as far as the tubules are concerned, whether there is a large or a small amount of bromide. A fixed amount is reabsorbed into the blood. Therefore, I for one do not accept the simple explanation of chlorides causing increased excretion of bromides, at least for the excretion through the kidneys, and the kidneys must be accepted as the major route. Unfortunately I have not examined the bromide excretion of the sweat after administration of chlorides but that is something worth while doing.
In answer to Dr. Pillsbury, undoubtedly there must be some taking up of bromine or other elements into the liquid sweat from the epithelium. The degree to which that takes place is hard to say and I do not know how to evaluate it exactly. I can only say that we filter our specimens immediately. As soon as the sweat was collected it was filtered so that we did our best to get around this particular dilemma.
